ABSTRACT. This study describes a case of tetralogy of Fallot in a lamb showing failure to thrive and signs of respiratory distress. Physical examination, electrocardiography, thoracic radiographies, echocardiography and cardiac troponin I evaluation were performed. The value of cardiac troponin I was compared with the values of 10 healthy lambs of the same age and breed, and the affected animal demonstrated an increase in cardiac troponin I. Due to the poor prognosis, euthanasia was indicated, and necropsy confirmed the diagnosis. This is the first report of an increase in cardiac troponin I in a lamb with tetralogy of Fallot. KEY WORDS: cardiac anomaly, congenital heart disease, goat.
Congenital cardiac defects are uncommon in ovines, and in a large series of necropsied lambs, they occurred in only 1% of the animals [3] . Tetralogy of Fallot is a rare congenital heart disease that has previously been reported in sheep [7] and several species of domestic animals [1, 4, 9, 12] . The disease is characterized by four defects: pulmonary valve stenosis, ventricular septal defect, aortic dextroposition and right ventricular hypertrophy [13] . Biomarkers of cardiac injury are widely used in human medicine, and their importance in veterinary medicine has become evident in recent years. Cardiac troponins are present at high concentrations in cardiac myocytes, and their release into the blood stream occurs in cardiac lesions [2] . The aim of this study is to report the elevation of serum cardiac troponin I in a lamb with tetralogy of Fallot.
A three-month-old male Corriedale lamb was referred to the Veterinary Hospital of Federal University of Rio Grande do Sul, Brazil, with a history of failure to thrive, respiratory distress and exercise intolerance. On physical examination, cyanosis of the mucous membranes and abdominal distention compatible with ascites were found. Similar clinical findings were detected in another study [7] with the animal showing respiratory distress and cyanosis, however, the lamb in the present study showed also failure to thrive. Cyanosis occurs in patients with tetralogy of Fallot due to the right to left shunt, because of the pulmonary stenosis and biventricular origin of the aorta [7] . On thoracic auscultation, a cardiac murmur was detected in all areas of cardiac auscultation. A grade 3 out of 6 holosystolic murmur was heard at mitral, tricuspid and aortic valve areas. A grade 4 out of 6 holosystolic murmur was heard at the pulmonary valve area.
The patient was submitted to thoracic radiography, electrocardiography and echocardiography, and blood samples were collected for the measurement of cardiac serum troponin I. Thoracic radiography showed an overall increase in the cardiac silhouette, and animals with tetralogy of Fallot may have right atrium and ventricle enlargement [11] . The electrocardiographic patterns in animals evaluated in that clinical case were similar to those reported in a study on healthy young sheep of the same breed [10] , except for heart rate (HR). In the present case, the animal had tachycardia with the HR ranging between 160 and 170 beats per min, which was most likely associated with congestive heart failure.
Two-dimensional echocardiography (Logic 3, General Electric using a spectral 7 MHz probe) demonstrated a dextropositioned aorta, a membranous ventricular septal defect, right ventricular hypertrophy and a stenotic pulmonary valve. Color and spectral Doppler echocardiography showed right-to-left shunting of blood through a large ventricular septal defect in the left ventricular outflow tract just below the aortic valve and a turbulent pulmonary flow compatible with pulmonic valvular stenosis. Pressure gradients in the pulmonary flow and the septal defect were not evaluated, because continuous-wave Doppler was not available.
After the diagnosis, given the poor prognosis, the animal's owner opted for euthanasia, and with his permission, necropsy was performed. Necropsy showed that the aortic basis was shifted to the right, which was also dilated and thin walled; a septal defect of 0.8 cm diameter just below the aortic semilunar valve (Fig. 1A) ; stenosis of the pulmonary semilunar valve showing a subvalvular fibrous ring and a dilated pulmonary trunk (Fig. 1B) . There was also thickening of the right ventricle wall with hypertrophy of the papillary muscles and eccentric hypertrophy of the left ventricle Table 1 ). The serum concentration of troponin I in the lamb with tetralogy of Fallot was much higher compared with lambs of the same progeny and age. Few studies have evaluated the serum concentrations of cardiac troponins in sheep. In a study that induced myocardial ischemia in adult sheep, the serum concentration of troponin I began to increase one day after the induction of injury and returned to physiological levels in 14 days [8] .
Additionally, few studies have assessed the levels of cardiac troponins in patients with congenital heart disease. A study reported that the serum cTnI levels in children with atrial and ventricular septal defects were significantly higher than those in healthy children [14] . The significant volume and pressure overload at the ventricles because of congenital left-to-right shunt may cause myocardial damage. In these congenital cases, myocardial ischemia may be induced by ventricular enlargement, wall hypertrophy, elevation of end-diastolic pressure, tachycardia and several humoral factors associated with heart failure, such as cytokines and catecholamines [5] . In this case of tetralogy of Fallot, the shunt was right-to-left; however, concentric hypertrophy of the myocardium of the right ventricle (pressure overload) was observed due to pulmonary stenosis and an eccentric hypertrophy of the left ventricle by volume overload caused by the ventricular septal defect. These changes, added with the hypoxia resulting from the mixture of venous and arterial blood, could induce myocardial damage and ischemia. There were no histological changes in the myocardium. The finding of biochemical changes in the absence of morphological changes was possibly associated with the fact that injuries exert their effects first at molecular or biochemical levels; there is a time period between the stress and the morphologic changes of cell injury or death. Typically, the biochemical alterations precede ultrastructural, light microscopic and grossly visible morphologic changes [6] . This is the first report of increases in cardiac troponin I in a lamb with tetralogy of Fallot. Further investigation is required to relate the degree of myocardial damage caused by congenital heart disease to the increase in the cardiac troponins and their relationship with prognosis. and eccentric hypertrophy of the left ventricle; (B) a subvalvular fibrous annulus (arrow) with dilatation of the base of the pulmonary artery and right ventricular concentric hypertrophy (specially the papillary muscles). 
